Introduction
and glomerular disturbances were compared with 50 matched unexposed controls. The results showed a A recent study demonstrates that dry-cleaners chronicsignificant increase in a number of parameters (urinary ally exposed to perchloroethylene (PCE) show clear excretion of proteins, laminin fragments, glycosaminoevidence for renal damage [1] . PCE is a synthetic glycan, and tubular epithelial brush-border antigen) halogenated hydrocarbon. It is used extensively for indicative of PCE-induced early renal damage. The dry cleaning fabrics and for metal-degreasing operaauthors concluded that long-term monitoring is tions. PCE enters the environment when it is released required in PCE-exposed individuals for the possible to the air during handling or into the surface water development of chronic renal disease. during waste disposal. PCE has been found in at least half of the waste sites identified as hazardous by the US Environmental Protection Agency [2] . It is estim-Animal studies ated that more than 650 000 US workers may be exposed to PCE. A number of human and animal Rats exposed to 470 p.p.m. for 150 days showed studies suggest that PCE might induce a variety of increase in kidney weight and evidence for tubular cell toxic biological effects. To prevent the toxic effects of injury in the form of cell swelling and shedding [6 ] . PCE on workers, the US Occupational Safety and The tubular cell shedding in this animal model may be Health Administration has set limit on the amount of the severe form of what Mutti et al. [1] reported in exposure, which is 100 p.p.m. for an 8-h workday over human, i.e., 'shedding of tubular epithelial membrane a 40-h workweek [2] . This article will review some of components'. Hayes et al. [7] examined the toxicity of the studies pertaining to the toxic effects of PCE on PCE in the rats by administering it in their drinking the kidney and examine the evidence for a role for free water. PCE-contamination of the surface water occurs radicals in the pathogenesis of such injury.
and contaminated drinking water can be a source for PCE exposure. Rats exposed to 400 and 1400 mg PCE per kg, but not 14 mg per kg, showed evidence for
Human studies
renal involvement as increase in kidney weight. No detailed structural or functional parameters were Franchii et al. [3] in 1983 reported that dry-cleaners reported. exposed to PCE at a level of 10 p.p.m. for 14 years
In another study, undertaken by Green et al.
[8], had increased urinary excretion of b-glucuronidase rats chronically exposed to 1000 p.p.m. of PCE showed and lysozyme, suggestive of renal tubular toxicity. In evidence of renal injury. Kidney weight was increased another study urinary lysozyme activity was increased and renal tubules were dilated with proteinaceous in workers exposed to 23 p.p.m. of PCE for about 9 materials and cellular debris. Although the tubular years [4] . On the other hand, dry-cleaning workers findings are partially reminescent of other forms of exposed to PCE of 21 p.p.m. for 6 years did not show toxic nephropathies (gentamicin and cisplatin) in any evidence of renal toxicity [5] . In a recent study, human, the authors felt that PCE-induced 'proteinMutti et al. [1] reported that 50 dry-cleaning workers droplet-nephropathy' in the rat might not be relevant (9 men and 41 females) who were exposed to a lower to humans. It is true that these rats were exposed to level of 15 p.p.m. PCE over an extended 10-year period 10 times the PCE level permissible in humans. showed signs of renal toxicity. This study was compre-However, the urinary findings in the Mutti et 
conjugation, resulting in the formation of cysteine conjugates. Few studies have, however, examined whether PCE exposure is associated with alterations in glutathione redox state. An increase would support a link between oxidative stress and PCEinduced renal toxicity.
One of the more consistent effects of PCE on the animal kidney is the increase in kidney to body weight ratio. PCE-induced tubular injury and reactive hyperplasia may in part explain for the renal hypertrophy. The nature or mechanism of PCE-induced renal hypertrophy is not characterized. We have previously demonstrated that weanling rats subjected to a diet deficient in vitamin E and selenium for a prolonged period would sustain renal growth and injury [9] . We therefore speculate that, as in this deficient model, oxidant stress may partly be responsible for PCE-induced renal hypertrophy. The above-mentioned human and animal studies indicate that PCE is indeed nephrotoxic. Fig. 1 . A working hypothesis linking free radicals with PCE-induced However, further investigation is required to character-renal toxicity. ize the mechanism and the nature of renal toxicity. Most of the studies are limited by the methods used to assess the renal damage. For example, few animal studies have quantitated the urinary excretion of pro-by P-450 pathway is saturable, and therefore this can lead to PCE-glutathione conjugation [8] . The possible tein, albumin or other markers of renal injury and none have measured glomerular filtration rate. In this glutathione depletion and the resultant accumulation of hydrogen peroxide and its distal reaction products regard, human studies provide more information. Only Green et al. had undertaken renal histology and even can induce lipid peroxidation and cellular toxicity [12] .
That PCE causes lipid alteration has been previously here the description was strictly qualitative [8] . Careful histomorphometric analysis of the kidneys of animals noted in rat brain phospholipids, and this lipid alteration has been implicated in PCE's neurotoxicity [13]. exposed PCE is required to characterize the structural changes.
Thus, there are several indirect lines of evidence to suggest a link between free radicals and PCE-induced Although the mechanism of PCE-induced renal toxicity is not known, data from PCE metabolism studies renal toxicity. However, few studies have examined this possibility directly. Additionally, if free radical suggest a role for free radicals in its biological toxicity (Figure 1) . In an in vitro study, Costa et al. [10] mechanism is important, the use of F 2 -isoprostane in the urine, a specific product of free radial catalysed provided the evidence that metabolism of PCE is mediated through cytochrome P450 catalysed oxida-lipid peroxidation, as a sensitive marker for PCEinduced renal toxicity could be explored [14] . A very tion reaction, which in turn involves the formation of a reactive epoxide intermediate. It has been hypothes-sensitive and specific enzyme immunoassay is now available for measuring F 2 -isoprostane. Further, F 2 -ized that the major pathway for the epoxide intermediate involves nucleophilic attack by water or isoprostane in a 24-h urine collection may provide an index for cumulative PCE toxicity. At present it is not enzymatic reduction by epoxide hydrase. Another potential source for reactive oxygen metabolites known whether urinary F 2 -isoprostane levels are elevated following PCE exposure. involves the effect of trichloroacetic acid ( TCE ) on peroxisomes. TCE is an important metabolite of PCE The main method available at present to reduce PCE-induced human toxicity is by minimizing the that has been shown to induce hepatocellular peroxisome proliferation [11] . The attendant increase in exposure to PCE. However, based on Mutti et al. data [1] , even low permissible levels of PCE exposed over hydrogen peroxide and its much more reactive Haber-Weiss reaction product hydroxyl radicals can several years can be nephrotoxic. Therefore additional methods such as interfering with the mechanism of produce a variety of bimolecular damages, including protein oxidation, lipid peroxidation, and DNA PCE-induced renal toxicity need to be considered. In this regard, finding a link between free radicals and damage. However, since humans produce little TCA and limited peroxisome proliferation, the role of this PCE nephrotoxicity in the future studies is important.
A next step from such a finding would be to consider pathway in human PCE toxicity is questioned [8] .
Another mechanism for oxidative stress during PCE whether antioxidants may have any role in limiting PCE-induced nephrotoxicity in workers chronically toxicity is the possible depletion of glutathione. Studies indicate that at higher concentration, PCE metabolism exposed to PCE.
